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Abstract
Setting: The situation of tuberculosis in Brazil, in each of its States 
and in the Federal District, with respect to patients' level of education.
Objective: To assess the strength of the relation between new cases 
of tuberculosis and treatment outcomes and rates of abandonment, 
with respect to the patients' level of education, in 2013.
Design: Transversal-quantitative study, using data from the Brazilian 
Disease and Notification Information System related to notified cases 
of tuberculosis, taking into account the patients' level of education. 
Data were analyzed by the hierarchical classification method (heat 
maps and dendrograms).
Results: In relation to numbers of new cases of tuberculosis and 
rates of healing and treatment abandonment, the lower the patients' 
level of education (less than 9 years' formal education), the higher 
the numbers of new cases of tuberculosis and the higher the rates 
of healing and treatment abandonment, throughout the country. Le-
vels of schooling of 1-5 years and of 6-9 years are especially strongly 
related to a high incidence of treatment abandonment, in all the 
States. This nding was con rmed by clustering techniques. Treatment 
abandonment is especially prevalent in the States of São Paulo, Rio 
Grande do Sul and Rio de Janeiro, according to both analytic methods. 
In the States of Minas Gerais, Espírito Santo, Mato Grasso do Sul and 
Paraná, have the problem more similarly, but mixed with other groups 
of States.
Conclusion: Knowledge of the level of education of tuberculosis 
patients is of vital importance to health care managers, enabling them 
Tuberculosis in Brazil: New Cases, Healing 
and Abandonment in Relation to level of Education 
 OrIgINal 
Edwirde Luiz Silva Camêlo1, Dalila Camêlo Aguiar1, Rosiane Davina da Silva1, 
Tânia M. R. Monteiro de Figueiredo1, Andrés Gonzaléz Carmona2, Ramón Gutiérrez Sánchez2
1  Departamento de Estatística, 
Universidade Estadual da Paraíba.
2  Departamento de Estadística e 
Investigación Operativa. Universidad de 
Granada, Granada, España.
Contact information:
Edwirde Luiz Silva Camêlo.
 edwirde@uepb.edu.br
InternatIonal archIves of MedIcIne 
sectIon: epIdeMIology
ISSN: 1755-7682
2016
Vol. 9 No. 68
doi: 10.3823/1939
This article is available at: www.intarchmed.com and www.medbrary.com 2
Introduction
Tuberculosis (TB) is a common and life-threatening 
infectious disease which persists as a 
major public health problem despite being cura-
ble and manageable [1, 2]. Around one third of the 
world's population is infected by Mycobacterium tu-
berculosis, which provokes 10 million new cases and 
1-2 million deaths each year. Thus, TB is the second 
leading cause of death in the world by infectious 
disease, only exceeded by Acquired Immune Defi-
ciency Syndrome [3].
In 2014, the WHO reported the occurrence of 
nine million new cases of TB in the world. In the 
same year, 76,000 cases were reported in Brazil, 
with an incidence of 37 per 100,000 inhabitants [5]. 
Brazil is sixteenth of the 22 countries that account 
for 80 % of the worldwide occurrence of TB, and 
together with Russia, India, China and South Africa 
it accounts for 50 % of all cases [3]. Apart from 
the epistemological situation of the disease, these 
countries have an important factor in common: they 
are all subject to the social determination of health 
and disease processes; in other words, social and 
healthcare inequalities are related [4].
TB is relatively neglected, and this fact contributes 
to the high prevalence of the disease among less 
economically privileged social classes [2, 6]. Low le-
vels of education favour the incidence of disease 
and hamperits control [7]. Accordingly, focusing on 
education is a question of major importance in the 
eld of health care and disease prevention. If levels 
of education can be raised, the vulnerability of the 
population to TB will be reduced [8, 9].
To enhance the control of TB, which is considered 
to be one of the seven main diseases a effecting 
the population [1, 10], the Brazilian Health Ministry 
has included TB in its National Agenda for Research 
Priorities in Health.
In view of the importance of obtaining detailed 
information about the characteristics of TB patients, 
in this study we analyze the strength of the relation 
between three TB parameters (new cases, rates of 
healing and rates of treatment abandonment) and 
the level of education among the Brazilian popula-
tion in 2013. Previous works were not specific in-
dicate cases of abandonment, new case and death 
from TB en relation to specific school levels.
Method
A transversal-quantitative study was performed, 
using data from the Brazilian Disease Notification 
Information System (DNIS), available at the Health 
Ministry website [5].
to strengthen healthcare policies aimed at effective control of the 
disease. This study highlights the situation in Brazil with respect to 
different levels of education. Programmers to eradicate tuberculosis 
should focus particularly on those patients who have had fewer years 
of schooling and thus are more likely to suffer this disease. The po-
pulation groups with education levels of 1-5 and 6-9 years presented 
high rates of treatment abandonment, in all States. Thus, the States 
of São Paulo, Rio Grande do Sul and Rio de Janeiro have the same 
problem for these levels of education, according to both techniques. 
In Minas Gerais, Espírito Santo, Mato Grasso do Sul and Paraná, the 
same problem is observed.
Keywords
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Adherence, Treatment Refuse 
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The study population was composed of all noti-
fied cases of TB in 2013, in the 26 Brazilian States 
and the Federal District, a total of 91.576 cases. 
The sample analysed was composed of the 68.606 
cases for which the individuals' level of education 
was known to the DNIS, classified as follows: illite-
rate, (1-5) years, (6-9) years, (10-12) years, university 
studies (UGI) and university graduates (UG). The fo-
llowing sample variables were recorded: New cases 
(53,816), Treatment success (52.377) and Treatment 
abandonment (9.673).
The study data were compiled in March 2015, 
and stored and analyzed using the statistical pro-
gram R, version 3.2.0 [11].
The elements from the sample of cases were clus-
tered by variables and distributed into categories, 
based on their similarity, using a hierarchical classi-
fying method (dendrogram) and a heat map. Dis-
tances between the States and the level of educa-
tion were defined by the nearest neighbour method 
and the average Euclidean distance.
In the clustering approach, the distance matrix is 
usually determined by initially taking each object as 
a group, or cluster. The individuals within a cluster 
are similar on some level of education, while the 
cluster are dissimilar from one another.
A heat map is a graphical representation of data 
whereby the individual values contained in a matrix 
are represented as colours or as shades of grey; 
each approach has perceptual advantages and di-
sadvantages [12].
The heatmap function of the NeatMap package 
can be used to obtain heat maps and dendrograms. 
Our data are represented with the level of educa-
tion at the top of the heat map and the States on 
the left hand side [13]. The dendrogram shows the 
stages of group formation, looking like an inverted 
tree.
A correlation matrix derived from the data is 
shown as a false colour, with levels of grey enco-
ding the correlation. The heat map contains diffe-
rent shades, indicating the intensity of the relation 
or the values of the variables, ranging from white 
(strongest relation or highest value), through light 
grey to dark grey (weakest relation or lowest values).
Silhouette Coefficient
The silhouette coefficient is a measure of cohesion 
and of the separation of clusters. It is based on the 
difference between the average distance to points 
in the closest cluster and to points in the same 
cluster. For each point xi we calculate its silhouette 
coefficient si as [24].
1
where μin (xi) is the mean distance from xi to 
points in its own cluster ŷi
2
and μoutmin (xi) is the mean of the distances from xi 
to points in the closest cluster:
3
Rand Index and y Rand Index Adjusted
The Rand index (or measure) and the adjusted Rand 
index are used as objective criteria for the evaluation 
of clustering methods [25]. These indices measure 
the level of compatibility between a given partition 
and a benchmark partition for the same data. The 
quantities of interest are then defined as follows: 
4
The Rand index can be considered a measure of 
the percentage of correct decisions made by the 
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algorithm. In other words, the more homogeneous 
or heterogeneous the groups, the more the index 
will vary from 0≤IR≤1.
This study was approved by the research ethics 
committee of the Universidade Estadual da Paraíba 
(UEPB) (Register Nº 45954315.5.0000.5187), in ac-
cordance with Resolution 466/2012 of the National 
Health Council, the regulatory body for research 
with human beings in Brazil.
Results
The results obtained suggest that throughout Brazil 
persons with a university-level education have a mi-
nimal impact on the numbers of new TB cases. On 
the other hand, those with the least formal educa-
tion (nine years or less) are the most vulnerable to 
the desease (Figure 1).
Figure 1:  New cases of tuberculosis versus level of 
education, Brazil, 2013.
New cases of TB in the States of Santa Catarina 
and Rio Grande do Sul are strongly related to the 
6-9 years level of education among the study popu-
lation. In São Paulo, on the other hand, most new 
cases took place among patients with 6-12 years of 
education. In Amazonas, Amapá, Roraima and Rio 
de Janeiro, new cases were most strongly related 
with patients who had had 12 years of education 
(Figure 1).
The States of Alagoas, Rio Grande do Norte, Piauí 
and Paraíba, especially the last two, contained the 
highest proportions of patients classified as Illiterate 
(Figure 1). All of these States are in north-eastern 
Brazil.
The left side of the dendrogram in Figure 1 shows 
that some States form clusters with a similar ave-
rage Euclidean distance, that is, the same relation 
between levels of education and rates of new cases. 
One such cluster is formed by Minas Gerais, Maran-
hão, Amazonas, Santa Catarina, Mato Grosso and 
Paraná. Another is formed by Piauí and Roraima. In 
São Paulo, almost all types of relation are present, 
while at the second-lowest level, Rio de Janeiro con-
tains three large groups. (Table 1)
At the top of the dendrogram in Figure 1, le-
vels of new cases are similar in the groups with 
6-9 and 10-12 years of education. These groups 
are separated from the others by a considerable 
margin, after which the groups with 1-5 years and 
12 years of education present the same pattern. 
The groups with 5 and 9 years of education form 
another group, while those classed as Illiterate are 
close to the UG and UGI groups.
Another dendrogram was constructed, using the 
same States and variables, with the same levels of 
education, but with respect to cases in which the 
Table 1.  Groups formed by rates of TB treatment 
abandonment, for all education levels.
Groups States
1 São Paulo
2 Rio Grande do Sul and Rio de Janeiro
3 Pernambuco, Ceará, Pará and Bahia
4 From Piauí to Alagoas
5 From Paraíba until Paraná
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treatment resulted in a cure. In our study sample, 
73,3% of TB patients were cured. The heat map 
shows that the highest rates of cure correspond 
to the following levels of education: 1-5 years, 6-9 
years and 12 years. The strongest relations between 
rates of cure and level of education were recorded 
in Tocantins and Rio Grande do Norte for patients 
with 1-5 years of education, and in Santa Catarina 
and Rio Grande do Sul for those with 6-9 years.
The top part of the dendrogram, corresponding 
to the level of education, shows that the cluster 
formed by patients with 6-9 and 10-12 years of 
education is considerably separated from the other 
clusters, with respect to new cases of TB.
In the heatmap, the intensity of the colours re-
flects the quantity of cases. It can be seen that 
there are lower levels of new cases among the UG, 
UGI and Illiterate groups, where rates of cure are 
also lower.
The population classed as Illiterate in the States of 
Alagoas, Piauí, Sergipe, Paraíba, Roraima and Acre 
presented a higher rate of treatment success.
The level of treatment abandonment was 14% 
overall. The groups with 1-9 years of education 
presented the same patterns of behaviour for new 
cases and treatment success.
The highest rates of treatment abandonment 
were recorded for the population groups with 1-9 
years of education. The left side of the dendrogram 
contains a small cluster formed by Ceará, Pará, Bahia 
and Piauí, together with two large clusters formed 
by São Paulo, Rio de Janeiro and Rio Grande do Sul 
with the other State, which all present similar rates 
of treatment abandonment.
In contrast to the other States, particularly high 
rates of treatment abandonment were recorded 
for patients with 6-9 years of education in Espírito 
Santo, Acre, Santa Catarina and Rio Grande do Sul. 
The Federal District had the highest proportion of 
patients with 5 years of education.
In Acre, patients with 1-5 and 10-12 years of edu-
cation presented low rates of treatment abandon-
ment. However, the rate among patients with 6-9 
years was significantly higher.
In Amapá, Piauí, Paraíba and Alagoas, the group 
classed as Illiterate presented the highest rate of 
treatment abandonment.
In São Paulo, the clusters of patients with 6-9and 
10-12 years of education had the highest levels of 
treatment abandonment in the State.
On the left side of Figure 2, a line separates the 
patient groups and the States. It can be seen that 
there are ve groups with common characteristics 
regarding the level of education. These groups are 
listed in Table 1.
Figure 2:  Treatment abandonment and rates of 
healing versus level of education, Brazil, 
2013.
To clarify the information for the relation bet-
ween the States and the 6-9 year and 10-12 year 
levels of education, which are very heterogeneous, 
we constructed a new cluster, using the nearest 
single neighbour method, together with the group 
average clustering method (Figure 3). The group 
average method produces a small group of Sta-
tes (Espírito Santo, Pará, Mato Grosso and Santa 
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Catarina), compared with the nearest neighbour 
method.
In the States of Amapá, Piauí, Paraíba and Ala-
goas, the groups of Illiterate patients are respon-
sible for the highest levels of treatment abandon-
ment. In São Paulo, however, these correspond 
to the patients with 6-9 and 10-12 years of edu-
cation.
Analysis of Figure 2 shows that patients with 
1-5 and 6-9 years of education present a high rate 
of treatment abandonment, in all the States. The 
question then arises: which groups of States in 
Brazil face this problem to a similar degree, for 
patients with the same level of education? Figure 
3 shows that the nearest neighbour clustering te-
chnique and that of the non-weighted arithmetic 
average present some similarity. This confirms the 
existence of the problem among the States where 
these levels of education are prevalent. Thus, the 
States of São Paulo, Rio Grande do Sul and Rio de 
Janeiro have the same problem for these levels of 
education, according to both techniques. In Mi-
nas Gerais, Espírito Santo, Mato Grasso do Sul and 
Paraná, the same problem is observed, but mixed 
with other groups of States. In this search for a 
structure from which clusters could be derived, no 
outliers were detected.
Regarding the relation between level of educa-
tion and treatment abandonment, Table 2.
The Rand statistic, which is symmetric, measures 
the proportion of point pairs, A perfect clustering 
has a Rand value of 1, The value of the Rand and 
adjusted Rand statistic for five groups was 0.77, 
in each case, The mean Silhouette statistic for five 
groups was 0.38 (Figure 4), The cophenetic coeffi-
cient was 0.92.
Figure 3:  Comparison of single (left) and average (right) rates of treatment abandonment, in all States, 
for patients with 1-5and 6-9 years of education.
Table 2.  Index values and coefficients for treatment 
abandonment and levels of education.
Number of groups Value
Mean Silhouette 
statistic
5 0.36
Index of Rand 4-5 0.86
Index of Rand Adjusted 4-5 0.63
Cophenetic coefficient 5 0.92
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Table 3 shows the mean Silhouette statistic and 
the cophenetic coefficient for treatment abandon-
ment with respect to education levels of 1-5 and 
6-9 years (Figure 3).
The results obtained after cluster analysis, consi-
dering the single and average methods, are shown 
in Figure 3, There are differences between the 
groups, as the fusion of group 1 with groups 2 
and 3 takes place at very high levels of the scale, 
above 250 for the average method. 
The groups have widely-varying numbers of ele-
ments, ranging from two for group 1 to 24 States 
in group 2, to the three States of São Paulo, Rio 
de Janeiro and Rio Grande de Sul in Group 3. Both 
techniques show that groups 2 and 3 present the 
same problem with respect to levels of education. 
The States ranging from Roraima to Santa Catarina 
have almost the same degree of problem at these 
levels.
Discussion
This study shows that patients with 1-9 years of 
education are more likely to have TB. Moreover, 
they present higher levels of new cases, healing and 
treatment abandonment. Similar findings have been 
reported by studies conducted in Ghana, Vietnam 
and the Dominican Republic [14].
In its 2010 census, the Brazilian Institute of Geo-
graphy and Statistics reported that 9.6% of the po-
pulation was classed as illiterate, and that the north-
eastern part of the country accounted for 53.3% 
of this population (7,43 million), Nevertheless, the 
incidence of illiteracy is believed to have fallen in 
recent years [15].
Taking into account the level of education as a 
social and economic variable, the generally low level 
of education in Brazil revealed by this study reflects 
an important social factor of individual and social 
vulnerability to TB, which contributes to the persis-
tence of the disease and is strongly linked to the 
social determination of the disease process [7, 16]. 
Indeed, its prevalence is concentrated in countries 
Figure 4: Rand index, Adjusted Rand index and Silhouette coefficient (All levels of education).
Table 3.  Coeffcients for treatment abandonment 
with respect to education levels of 1-5 and 
6-9 years.
Number of groups Value
Mean Silhouette 
statistic
3 0.85
Cophenetic coefficient 3 0.97
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with intense social inequalities, as is the case in Bra-
zil [13, 17].
Various studies have obtained comparable re-
sults with respect to new cases of TB, healing and 
treatment abandonment in all the States of Bra-
zilian, over several years [17, 1, 19, 20]. However, 
unlike the present study, none of them analyzed 
the relation between the number of TB cases and 
the patients' level of education or demonstrated the 
occurrence of cases in Brazilian states.
Our results show that in the immediate future 
Brazil will fail to meet the WHO goals for increasing 
rates of healing and for reducing those of treatment 
abandonment. This is worrying, because this situa-
tion suggests the disease will continue to spread, 
that more strains resistant to medicine will appear 
and that treatment costs and mortality rates will 
continue to rise [1, 20].
In this context, the patients' level of education is an 
important empowerment tool; it facilitates their un-
derstanding of health information and generates the 
means to strengthen individual autonomy and self-
care regarding health and disease prevention [22].
According to Paulo Freire (1996) [23], education is 
a process of ceaseless organization, by which peo-
ple are encouraged to construct a choosing process 
focused on their own interests. Thus, teaching is not 
a mere transfer of knowledge, but a process that 
creates possibilities for creation and production.
[...] though they are different, who forms, forms 
himself and reforms when forming; and who is 
formed, forms himself and forms to be formed. In 
this sense teaching is not the transfer of knowled-
ge, subjects, or form, but the action of giving 
form, style and soul to an undecided and accom-
modated body (Freire, 1996, p, 23) [23].
Further study of health care necessities is neces-
sary; many such needs are related to social produc-
tion and reproduction and access to health actions 
[21],
Conclusion
It is of great importance to determine the level of 
education of TB patients and the distribution of 
education levels throughout the country, because 
this is one of the major factors determining the qua-
lity of healthcare attention obtained by individuals 
with TB. Our study shows that patients with a low 
level of education (less than 9 years) are more likely 
to suffer TB and to abandon treatment for this di-
sease. Moreover, the WHO goals for healthcare in 
this field are far from being met in Brazil.
The States where the relation between new cases 
of TB and limited education were strongest were 
Rio Grande do Sul and Santa Catarina (6-9 years 
of education) and Tocantins (1-5 years of educa-
tion). The strongest relations between healing and 
limited education were recorded in the same States 
plus Rio Grande do Norte (6-9 years of education). 
The highest rates of treatment abandonment were 
recorded in Rio Grande do Sul, Acre, Santa Catarina 
and Espírito Santo for patients with 6-9 years of 
education and in the Federal District for those with 
5 years of education.
The population groups with education levels of 
1-5 and 6-9 years presented high rates of treatment 
abandonment, in all States. Nearest-neighbour and 
non-weighted average distance clustering techni-
ques con rm the severe problem faced in this res-
pect in the States of São Paulo, Rio Grande do Sul 
and Rio de Janeiro,
As the patients' level of education is clearly very 
relevant to the healthcare problem examined in this 
study, we conclude that political authorities must 
consider strategies to increase the population's ac-
cess to education and to make public investments 
in actions in this field, in association with health-
care managers and other personnel, in order to 
empower the population and to achieve a better 
control of the disease. Accordingly, programmes 
aimed at improving healthcare attention to reduce 
the impact of TB in Brazil should take into account 
the importance of levels of education in this res-
pect.
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